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Abstract
In this paper I cite p.p. 100-117 of book G. Quznetsov, Probabilis-
tic Treatment of Gauge Theories, in series Contemporary Fundamental
Physics, ed. V. Dvoeglazov, Nova Sci. Publ., NY (2007). There I re-
search a bound between neutrino and it’s lepton.
Let ℑeν be the unitary space, spanned by the following basis:
Jeν :=
〈
h
2pic
√
2pin0
sinh(2n0pi)
(
cosh
(
h
cn0x4
)
+ sinh
(
h
cn0x4
))
ǫ1,
h
2pic
√
2pin0
sinh(2n0pi)
(
cosh
(
h
cn0x4
)
+ sinh
(
h
cn0x4
))
ǫ2,
h
2pic
√
2pin0
sinh(2n0pi)
(
cosh
(
h
cn0x4
)− sinh (hcn0x4)) ǫ3,
h
2pic
√
2pin0
sinh(2n0pi)
(
cosh
(
h
cn0x4
)− sinh (hcn0x4)) ǫ4,
h
2pic exp
(−ihc (n0x5)) ǫ1, h2pic exp (−ihc (n0x5)) ǫ2,
h
2pic exp
(−ihc (n0x5)) ǫ3, h2pic exp (−ihc (n0x5)) ǫ4
〉
. (1)
Let ℑe be a subspace of the space ℑeν such that if ϕ˜ ∈ ℑe then ϕ˜ has got
the following shape:
ϕ˜ (t,x, x5, x4) = exp
(
−ih
c
n0x5
) 4∑
k=1
fk (t,x, n0, 0) ǫk
That is ϕ˜ has got the following matrix in the basis Jeν :
ϕ˜ =

0
0
0
0
f1
f2
f3
f4

. (2)
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1
Let us consider the following Hamiltonian on ℑe:
Ĥ0,4 := c
(
3∑
r=1
β[r]i∂r + γ
[0]i∂5 + β
[4]i∂4
)
: (3)
Ĥ0,4ϕ˜ = c
(∑3
r=1 β
[r]i∂r + γ
[0]i∂5 + β
[4]i∂4
)
ϕ˜ =
=
∑3
r=1 β
[r]ci∂rϕ˜+
+γ[0]ci∂5 exp
(−ihcn0x5)∑4k=1 fk (t,x, n0, 0) ǫk+
+β[4]ci∂4 exp
(−ihcn0x5)∑4k=1 fk (t,x, n0, 0) ǫk =
=
∑3
r=1 β
[r]ci∂rϕ˜+
+γ[0]ci
(−ihcn0) exp (−ihcn0x5)∑4k=1 fk (t,x, n0, 0) ǫk+
+0 =
=
∑3
r=1 β
[r]ci∂rϕ˜+ hn0γ
[0] exp
(−ihcn0x5)∑4k=1 fk (t,x, n0, 0) ǫ. =
=
∑3
r=1 β
[r]ci∂rϕ˜+ hn0γ
[0]ϕ˜.
Hence on this space:
Ĥ0,4 = Ĥ0 := c
3∑
r=1
β[r]i∂r + hn0γ
[0]. (4)
Let ℑ◦ be a subspace of the space ℑeν such that if ϕ˜◦ ∈ ℑ◦ then
ϕ˜◦ = ℓ◦ ϕ˜ [1] and ϕ˜ ∈ ℑe, and if ϕ˜ ∈ ℑe then (ℓ◦ϕ˜) ∈ ℑ◦. If ϕ˜◦ = ℓ◦ϕ˜ then in
the basis Jeν :
ϕ˜◦ =
1
2
√
(1− a2)

− (−q + ic) f1
− (−q + ic) f2
− (−q + ic) f3
− (−q + ic) f4
−
(
−
√
(1− a2) + b
)
f1
−
(
−
√
(1− a2) + b
)
f2
−
(
−
√
(1− a2) + b
)
f3
−
(
−
√
(1− a2) + b
)
f4

.
Let us consider a Hamiltonian Ĥ0,4 mode of behavior on the space ℑ◦:
Hence
Ĥ0,4ϕ˜◦ = c
∑3
r=1 β
[r]i∂rϕ˜◦+
+γ[0]ic (q−ic)
2
√
(1−a2)
h
2pic
√
2pin0
sinh(2n0pi)
·
·

∂5

f1
(
cosh
(
h
cn0x4
)
+ sinh
(
h
cn0x4
))
ǫ1+
+f2
(
cosh
(
h
cn0x4
)
+ sinh
(
h
cn0x4
))
ǫ2+
+f3
(
cosh
(
h
cn0x4
)− sinh (hcn0x4)) ǫ3+
+f4
(
cosh
(
h
cn0x4
)− sinh (hcn0x4)) ǫ4+
+
+
(√
(1− a2)− b
)
h
2pic∂5 exp
(−ihc (n0x5)) ·
· (f1ǫ1 + f2ǫ2 + f3ǫ3 + f4ǫ4)

+
2
+β[4]ic (q−ic)
2
√
(1−a2)
h
2pic
√
2pin0
sinh(2n0pi)
·
·

∂4

f1
(
cosh
(
h
cn0x4
)
+ sinh
(
h
cn0x4
))
ǫ1+
+f2
(
cosh
(
h
cn0x4
)
+ sinh
(
h
cn0x4
))
ǫ2+
+f3
(
cosh
(
h
cn0x4
)− sinh (hcn0x4)) ǫ3+
+f4
(
cosh
(
h
cn0x4
)− sinh (hcn0x4)) ǫ4+
+
+
(√
(1− a2)− b
)
∂4
h
2pic exp
(−ihc (n0x5)) ·
· (f1ǫ1 + f2ǫ2 + f3ǫ3 + f4ǫ4)

.
Ĥ0,4ϕ˜◦ = c
∑3
r=1 β
[r]i∂rϕ˜◦+
+γ[0]ic (q−ic)
2
√
(1−a2)
h
2pic
√
2pin0
sinh(2n0pi)
·
·

∂5

f1
(
cosh
(
h
cn0x4
)
+ sinh
(
h
cn0x4
))
ǫ1+
+f2
(
cosh
(
h
cn0x4
)
+ sinh
(
h
cn0x4
))
ǫ2+
+f3
(
cosh
(
h
cn0x4
)− sinh (hcn0x4)) ǫ3+
+f4
(
cosh
(
h
cn0x4
)− sinh (hcn0x4)) ǫ4+
+
+
(√
(1− a2)− b
)
h
2pic∂5 exp
(−ihc (n0x5)) ·
· (f1ǫ1 + f2ǫ2 + f3ǫ3 + f4ǫ4)

+
+β[4]ic (q−ic)
2
√
(1−a2)
h
2pic
√
2pin0
sinh(2n0pi)
·
·

∂4

f1
(
cosh
(
h
cn0x4
)
+ sinh
(
h
cn0x4
))
ǫ1+
+f2
(
cosh
(
h
cn0x4
)
+ sinh
(
h
cn0x4
))
ǫ2+
+f3
(
cosh
(
h
cn0x4
)− sinh (hcn0x4)) ǫ3+
+f4
(
cosh
(
h
cn0x4
)− sinh (hcn0x4)) ǫ4+
+
+
(√
(1− a2)− b
)
∂4
h
2pic exp
(−ihc (n0x5)) ·
· (f1ǫ1 + f2ǫ2 + f3ǫ3 + f4ǫ4)

.
Therefore
Ĥ0,4ϕ˜◦ = c
∑3
r=1 β
[r]i∂rϕ˜◦+
+γ[0]ic
√
1−a2−b
2
√
1−a2 ·
· (0 + h2pic∂5 exp (−ihc (n0x5)) (f1ǫ1 + f2ǫ2 + f3ǫ3 + f4ǫ4))+
+β[4]ic q−ic
2
√
1−a2
h
2pic
√
2pin0
sinh(2n0pi)
·
·


f1
(
∂4 cosh
(
h
cn0x4
)
+ ∂4 sinh
(
h
cn0x4
))
ǫ1+
+f2
(
∂4 cosh
(
h
cn0x4
)
+ ∂4 sinh
(
h
cn0x4
))
ǫ2+
+f3
(
∂4 cosh
(
h
cn0x4
)− ∂4 sinh (hcn0x4)) ǫ3+
+f4
(
∂4 cosh
(
h
cn0x4
)− ∂4 sinh (hcn0x4)) ǫ4+
+
+0
 .
Hence
3
Ĥ0,4ϕ˜◦ = c
∑3
r=1 β
[r]i∂rϕ˜◦+
+γ[0]ic
(−ihcn0) √1−a2−b2√1−a2 h2pic exp (−ihcn0x5) ·
· (f1ǫ1 + f2ǫ2 + f3ǫ3 + f4ǫ4)+
+β[4]ichcn0
q−ic
2
√
1−a2
h
2pic
√
2pin0
sinh(2n0pi)
·
·

f1
(
sinh
(
h
cn0x4
)
+ cosh
(
h
cn0x4
))
ǫ1+
+f2
(
sinh
(
h
cn0x4
)
+ cosh
(
h
cn0x4
))
ǫ2+
+f3
(
sinh
(
h
cn0x4
)− cosh (hcn0x4)) ǫ3+
+f4
(
sinh
(
h
cn0x4
)− cosh (hcn0x4)) ǫ4+
 .
Therefore
Ĥ0,4ϕ˜◦ = c
∑3
r=1 β
[r]i∂rϕ˜◦+
+hn0γ
[0]
√
1−a2−b
2
√
1−a2
h
2pic exp
(−ihcn0x5) ·
· (f1ǫ1 + f2ǫ2 + f3ǫ3 + f4ǫ4)+
+hn0β
[4]i q−ic
2
√
1−a2
h
2pic
√
2pin0
sinh(2n0pi)
·
·

f1
(
cosh
(
h
cn0x4
)
+ sinh
(
h
cn0x4
))
ǫ1+
+f2
(
cosh
(
h
cn0x4
)
+ sinh
(
h
cn0x4
))
ǫ2−
−f3
(
cosh
(
h
cn0x4
)− sinh (hcn0x4)) ǫ3−
−f4
(
cosh
(
h
cn0x4
)− sinh (hcn0x4)) ǫ4+
 .
Hence in the basis Jeν :
Ĥ0,4ϕ˜◦ = c
∑3
r=1 β
[r]i∂rϕ˜◦ + hn0·
·

γ[0]
√
1−a2−b
2
√
1−a2

0
0
0
0
f1
f2
f3
f4

+ β[4]i q−ic
2
√
1−a2

f1
f2
−f3
−f4
0
0
0
0


=
= c
∑3
r=1 β
[r]i∂rϕ˜◦ + hn0·
·

γ[0]
√
1−a2−b
2
√
1−a2

0
0
0
0
f1
f2
f3
f4

+ β[4]i q−ic
2
√
1−a2 γ
[5]

f1
f2
f3
f4
0
0
0
0


.
with
4
γ[5] :=

1 0 0 0
0 1 0 0
0 0 −1 0
0 0 0 −1
 .
Since
β[4]iγ[5] = γ[0]
then
Ĥ0,4ϕ˜◦ = c
∑3
r=1 β
[r]i∂rϕ˜◦ + hn0·
·

γ[0] 1
2
√
1−a2

0
0
0
0(√
1− a2 − b) f1(√
1− a2 − b) f2(√
1− a2 − b) f3(√
1− a2 − b) f4

+ γ[0] 1
2
√
1−a2

(q − ic) f1
(q − ic) f2
(q − ic) f3
(q − ic) f4
0
0
0
0


.
Therefore
Ĥ0,4ϕ˜◦ = c
3∑
r=1
β[r]i∂rϕ˜◦ + hn0γ[0]
1
2
√
1− a2

− (−q + ic) f1,
− (−q + ic) f2,
− (−q + ic) f3,
− (−q + ic) f4,
− (−√1− a2 + b) f1,
− (−√1− a2 + b) f2,
− (−√1− a2 + b) f3,
− (−√1− a2 + b) f4

.
Hence
Ĥ0,4ϕ˜◦ = c
3∑
r=1
β[r]i∂rϕ˜◦ + hn0γ[0]ϕ˜◦.
Thus in the space ℑe:
Ĥ0,4 = Ĥ0 = c
3∑
r=1
β[r]i∂r + hn0γ
[0],
too.
Let ℑ∗ be a subspace of the space ℑeν such that if ϕ˜∗ ∈ ℑ∗ then
ϕ˜∗ = ℓ∗ ϕ˜ [1] and ϕ˜ ∈ ℑe, and if ϕ˜ ∈ ℑe then (ℓ∗ϕ˜) ∈ ℑ∗. If ϕ˜∗ = ℓ∗ϕ˜ (2) then
in the basis Jeν :
5
ϕ˜∗ =
1
2
√
(1− a2)

(−q + ic) f1
(−q + ic) f2
(−q + ic) f3
(−q + ic) f4(
b +
√
1− a2) f1(
b +
√
1− a2) f2(
b +
√
1− a2) f3(
b +
√
1− a2) f4

.
Similarly to ϕ˜◦ you can calculate that
Ĥ0,4ϕ˜∗ = Ĥ0ϕ˜∗ = c
3∑
r=1
β[r]i∂rϕ˜∗ + hn0γ[0]ϕ˜∗.,
too.
Let
e1L (k) :=
[
ω (k) + n0 + k3
k1 + ik2
]
, e1R (k) :=
[
ω (k) + n0 − k3
−k1 − ik2
]
,
e2L (k) :=
[
k1 − ik2
ω (k) + n0 − k3
]
, e2R (k) :=
[ −k1 + ik2
ω (k) + n0 + k3
]
,
e3L (k) := −e1R (k) , e3R (k) := e1L (k) ,
e4L (k) := −e2R (k) , e4R (k) := e2L (k) .
with
ω (k) :=
√
n20 + k
2
1 + k
2
2 + k
2
3
( n0, k1, k2,k3 are real numbers).
In this case [2]:
es (k) =
1
2
√
ω (k) (ω (k) + n0)
[
esL (k)
esR (k)
]
.
Let
es (k) :=
[ −→
0 4
es (k)
]
here s ∈ {1, 2, 3, 4}.
And let [3]:
6
e◦s (k) := ℓ◦es (k)
=
1√
2
(√
1− a2 − b)√1− a2
[
(q − ic) es (k)(√
1− a2 − b) es (k)
]
,
e∗s (k) := ℓ∗es (k)
=
1√
2
(√
1− a2 + b)√1− a2
[
(−q + ic) es (k)(
b+
√
1− a2) es (k)
]
.
Denote
Ĥ0 (k) :=
3∑
r=1
β[r]kr =

k3 k1 − ik2 n0 0
k1 + ik2 −k3 0 n0
n0 0 −k3 −k1 + ik2
0 n0 −k1 − ik2 k3
 .
In that case
Ĥ0e◦1 (k)
(
h
2πc
) 3
2
exp
(
i
h
c
)
=
= hĤ0 (k) e◦1 (k)
(
h
2πc
) 3
2
exp
(
i
h
c
)
= hω (k) e◦1 (k)
(
h
2πc
) 3
2
exp
(
i
h
c
)
.
Therefore e◦1 (k)
(
h
2pic
) 3
2 exp
(
ihc
)
is an eigenvector of Ĥ0 with the eigenvalue
hω (k). Similarly you can calculate that
e◦2 (k)
(
h
2pic
) 3
2 exp
(
ihc
)
, e∗1 (k)
(
h
2pic
) 3
2 exp
(
ihc
)
, e∗2 (k)
(
h
2pic
) 3
2 exp
(
ihc
)
,
are eigenvectors of Ĥ0 with the same eigenvalue, and
e◦3 (k)
(
h
2pic
) 3
2 exp
(
ihc
)
, e◦4 (k)
(
h
2pic
) 3
2 exp
(
ihc
)
,
e∗3 (k)
(
h
2pic
) 3
2 exp
(
ihc
)
, e∗4 (k)
(
h
2pic
) 3
2 exp
(
ihc
)
are an eigenvectors of Ĥ0 with the eigenvalue (−hω (k)).
Vectors e◦s (k)
(
h
2pic
) 3
2 exp
(
ihc
)
, e∗s (k)
(
h
2pic
) 3
2 exp
(
ihc
)
with s ∈ {1, 2, 3, 4}
form an orthonormalized basis in the space ℑeν (1) and
4∑
s=1
(
e∗∗s,r (k) e∗s,r′ (k) + e
∗
◦s,r (k) e◦s,r′ (k)
)
= δr,r′ (5)
for r, r′ ∈ {1, 2, 3, 4, 5, 6, 7, 8}.
7
Let [3]
e′∗s (k) := U
(−)e∗s (k)
=
1√
2
(√
1− a2 + b)√1− a2 12√ω (k) (ω (k) + n0)
·

(
a− i√1− a2) (−q + ic) esL (k)
(−q + ic) esR (k)(
a− i√1− a2) (√1− a2 + b) esL (k)(√
(1− a2) + b
)
esR (k)

and
e′◦s (k) := U
(−)e◦s (k)
=
1√
2
(√
1− a2 − b)√1− a2 12√ω (k) (ω (k) + n0)
·

(
a+ i
√
1− a2) (q − ic) esL (k)
(q − ic) esR (k)(
a+ i
√
1− a2) (√1− a2 − b) esL (k)(√
(1− a2)− b
)
esR (k)
 .
For these vectors:
4∑
r=1
(
e′∗∗r,j (k) e
′
∗r,j′ (k) + e
′∗
◦r,j (k) e
′
◦r,j′ (k)
)
= δj,j′
and since U (−)†U (−) = 18 then e′◦s (k) and e
′
∗s (k) form an orthonormalized
basis in the space ℑeν , too.
Let
e′r (k) := U
(−)er (k) =
1
2
√
ω (k) (ω (k) + n0)

(c+ iq) erL (k)−→
0 2
(a− ib) erL (k)
erR (k)
 . (6)
In that case:
e′r (k) =
1√
2
(√
1− b√
1− a2 e
′
◦r (k) +
√
1 +
b√
1− a2 e
′
∗r (k)
)
.
Let for j, j′ ∈ {1, 2, 3, 4, 5, 6, 7, 8} [4]:
8
{
ψ
†
j′ (y) , ψj (x)
}
= δ (y − x) δj′,j 1̂,{
ψ
†
j′ (y) , ψ
†
j (x)
}
= 0̂ = {ψj′ (y) , ψj (x)}
and let
b◦r,k :=
(
h
2πc
)3 ∫
(Ω)
dx · eihc kx
8∑
j′=1
e∗◦r,j′ (k)ψj′ (x) ,
b∗r,k :=
(
h
2πc
)3 ∫
(Ω)
dx · eihc kx
8∑
j′=1
e∗∗r,j′ (k)ψj′ (x) .
In that case:
∑
k
e−i
h
c
kx
(
4∑
r=1
e◦r,j (k) b◦r,k +
4∑
r=1
e∗r,j (k) b∗r,k
)
=
∑
k
e−i
h
c
kx

∑4
r=1 e◦r,j (k)
(
h
2pic
)3 ·
· ∫
(Ω)
dx′ · ei hc kx′ ∑8j′=1 e∗◦r,j′ (k)ψj′ (x′)
+
∑4
r=1 e∗r,j (k)
(
h
2pic
)3 ·
· ∫
(Ω)
dx′ · ei hc kx′ ∑8j′=1 e∗∗r,j′ (k)ψj′ (x′)

=
(
h
2πc
)3∑
k
∫
(Ω)
dx′ · ei hc kx′e−ihc kx ·
·
4∑
r=1
8∑
j′=1
(
e◦r,j (k) e
∗
◦r,j′ (k) + e∗r,j (k) e
∗
∗r,j′ (k)
)
ψj′ (x
′) .
In accordance with (5):
∑
k
e−i
h
c
kx
(
4∑
r=1
e◦r,j (k) b◦r,k +
4∑
r=1
e∗r,j (k) b∗r,k
)
=
(
h
2πc
)3 ∫
(Ω)
dx′ ·
∑
k
e−i
h
c
k(x−x′)
8∑
j′=1
δj,j′ψj′ (x
′) .
Hence since ∑
k
ei
h
c
k(x′−x) =
(
h
2πc
)3
δ (x′ − x)
and according properties of δ:
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∑
k
e−i
h
c
kx
(
4∑
r=1
e◦r,j (k) b◦r,k +
4∑
r=1
e∗r,j (k) b∗r,k
)
=
(
h
2πc
)3 ∫
(Ω)
dx′ ·
(
h
2πc
)3
δ (x′ − x)ψj (x′)
=
∫
(Ω)
dx′ · δ (x′ − x)ψj (x′) = ψj (x) .
Thus:
∑
k e
−ih
c
kx
(∑4
r=1 e◦r,j (k) b◦r,k +
∑4
r=1 e∗r,j (k) b∗r,k
)
= ψj (x).
(7)
Let
ψ (x) := h2pic ·
·

√
2pin0
sinh(2n0pi)

(
cosh
(
h
cn0x4
)
+
+sinh
(
h
cn0x4
) )∑2
r=1 ψr (x) ǫr+
+
(
cosh
(
h
cn0x4
)−
− sinh (hcn0x4)
)∑4
r=3 ψr (x) ǫr
+
+exp
(−ihc (n0x4))∑4r=1 ψr+4 (x) ǫr
 . (8)
That is in the basis Jeν (1):
ψ (x) =

ψ1 (x)
ψ2 (x)
ψ3 (x)
ψ4 (x)
ψ5 (x)
ψ6 (x)
ψ7 (x)
ψ8 (x)

.
That is in this basis:
b◦r,k :=
(
h
2πc
)3 ∫
(Ω)
dx · eihc kxe†◦r,j (k)ψ (x) ,
b∗r,k :=
(
h
2πc
)3 ∫
(Ω)
dx · eihc kxe†∗r,j (k)ψ (x) .
Let
ψ′ (x) := U (−)ψ (x) .
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In that case:
b′◦r,k :=
(
h
2πc
)3 ∫
(Ω)
dx · eihc kxe′†◦r,j (k)ψ′ (x) ,
b′∗r,k :=
(
h
2πc
)3 ∫
(Ω)
dx · eihc kxe′†∗r,j (k)ψ′ (x) .
Hence:
b′◦r,k =
(
h
2πc
)3 ∫
(Ω)
dx · eihc kx
(
U (−)e◦r,j (k)
)† (
U (−)ψ (x)
)
,
b′∗r,k =
(
h
2πc
)3 ∫
(Ω)
dx · eihc kx
(
U (−)e∗r,j (k)
)† (
U (−)ψ (x)
)
.
Since U (−)†U (−) = 18 then
b′◦r,k =
(
h
2πc
)3 ∫
(Ω)
dx · ei hc kxe†◦r,j (k)ψ (x) ,
b′∗r,k =
(
h
2πc
)3 ∫
(Ω)
dx · ei hc kxe†∗r,j (k)ψ (x) .
That is:
b′◦r,k = b◦r,k and b
′
∗r,k = b∗r,k.
And from (7):
ψ′j (x) =
∑
k
e−i
h
c
kx
4∑
r=1
(
e′◦r,j (k) b◦r,k + e
′
∗r,j (k) b∗r,k
)
. (9)
For the operators b◦r,k and b∗r,k:{
b
†
◦r′,k′ , b◦r,k
}
=
(
h
2pic
)3
δr,r′δk,k′ 1̂,{
b
†
∗r′,k′ , b∗r,k
}
=
(
h
2pic
)3
δr,r′δk,k′ 1̂,{
b
†
◦r′,k′ , b∗r,k
}
= 0̂,{
b
†
∗r′,k′ , b◦r,k
}
= 0̂,{
b
†
◦r′,k′ , b
†
◦r,k
}
= 0̂,{
b
†
∗r′,k′ , b
†
∗r,k
}
= 0̂,
{b◦r′,k′ , b◦r,k} = 0̂,
{b∗r′,k′ , b∗r,k} = 0̂,{
b
†
∗r′,k′ , b
†
◦r,k
}
= 0̂.
(10)
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Let
br,k :=
√
2
(
1− a2) 14 ( 1√√
1− a2 − b
b◦r,k +
1√√
1− a2 + b
b∗r,k
)
.
In that case:
e′◦r (k) b◦r,k + e
′
∗r (k) b∗r,k =
=
1√
2
(√
1− b√
1− a2 e
′
◦r (k) +
√
1 +
b√
1− a2 e
′
∗r (k)
)
br,k
−
√
b−√1− a2
b+
√
1− a2 e
′
◦r (k) b∗r,k −
√
b+
√
1− a2
b−√1− a2 e
′
∗r (k) b◦r,k
And from (6):
e′◦r (k) b◦r,k + e
′
∗r (k) b∗r,k
= e′r (k) br,k
−
√
b−√1− a2
b+
√
1− a2 e
′
◦r (k) b∗r,k
−
√
b+
√
1− a2
b−√1− a2 e
′
∗r (k) b◦r,k.
For br,k: {
b
†
r′,k′ , br,k
}
= 4 b
2+c2+q2
c2+q2
(
h
2pic
)3
δr,r′δk,k′ 1̂,{
b
†
r′,k′ , b
†
r,k
}
= 0̂,
{br′,k′ , br,k} = 0̂. (11)
From (9):
ψ′j (x) =
∑
k
e−i
h
c
kx
4∑
r=1
e′r,j (k) br,k
−
√
b−√1− a2
b+
√
1− a2
∑
k
e−i
h
c
kx
4∑
r=1
e′◦r,j (k) b∗r,k
−
√
b+
√
1− a2
b−√1− a2
∑
k
e−i
h
c
kx
4∑
r=1
e′∗r,j (k) b◦r,k.
Let:
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χ (x) :=
∑
k
e−i
h
c
kx
4∑
r=1
e′r (k) br,k, (12)
χ∗j (x) :=
√
b−√1− a2
b+
√
1− a2
∑
k
e−i
h
c
kx
4∑
r=1
e′◦r,j (k) b∗r,k
χ◦j (x) :=
√
b+
√
1− a2
b−√1− a2
∑
k
e−i
h
c
kx
4∑
r=1
e′∗r,j (k) b◦r,k.
In that case:
ψ′j (x) = χj (x)− χ∗j (x)− χ◦j (x) .
Let
Ĥ ′0 := U
(−)Ĥ0U (−)†.
For this Hamiltonian:
∫
(Ω)
dx · χ†∗ (x) Ĥ ′0ψ′ (x)
=
∫
(Ω)
dx ·
√
b−√1− a2
b+
√
1− a2
∑
k′
ei
h
c
k′x
4∑
r′=1
b
†
∗r′,k′e
′†
◦r′ (k
′) ·
·Ĥ ′0
∑
k
e−i
h
c
kx
4∑
r=1
(e′◦r (k) b◦r,k + e
′
∗r (k) b∗r,k)
=
∫
(Ω)
dx ·
√
b−√1− a2
b+
√
1− a2
∑
k
∑
k′
ei
h
c
k′x
4∑
r′=1
b
†
∗r′,k′e
′†
◦r′ (k
′) ·
·Ĥ ′0e−i
h
c
kx
( ∑2
r=1 (e
′
◦r (k) b◦r,k + e
′
∗r (k) b∗r,k) +
+
∑4
r=3 (e
′
◦r (k) b◦r,k + e
′
∗r (k) b∗r,k)
)
=
∫
(Ω)
dx ·
√
b−√1− a2
b+
√
1− a2
∑
k
∑
k′
ei
h
c
k′xe−i
h
c
kx
4∑
r′=1
b
†
∗r′,k′e
′†
◦r′ (k
′) ·
·hĤ ′0 (k)
( ∑2
r=1 (e
′
◦r (k) b◦r,k + e
′
∗r (k) b∗r,k) +
+
∑4
r=3 (e
′
◦r (k) b◦r,k + e
′
∗r (k) b∗r,k)
)
.
Hence:
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∫
(Ω)
dx · χ†∗ (x) Ĥ ′0ψ′ (x)
=
∫
(Ω)
dx ·
√
b−√1− a2
b+
√
1− a2
∑
k
∑
k′
ei
h
c
k′xe−i
h
c
kx
4∑
r′=1
b
†
∗r′,k′e
′†
◦r′ (k
′) ·
·h
(
ω (k)
∑2
r=1 (e
′
◦r (k) b◦r,k + e
′
∗r (k) b∗r,k)−
−ω (k)∑4r=3 (e′◦r (k) b◦r,k + e′∗r (k) b∗r,k)
)
=
∫
(Ω)
dx ·
√
b−√1− a2
b+
√
1− a2
∑
k
hω (k)
∑
k′
ei
h
c
k′xe−i
h
c
kx ·
·
4∑
r′=1
b
†
∗r′,k′e
′†
◦r′ (k
′)
( ∑2
r=1 (e
′
◦r (k) b◦r,k + e
′
∗r (k) b∗r,k)−
−∑4r=3 (e′◦r (k) b◦r,k + e′∗r (k) b∗r,k)
)
=
√
b−√1− a2
b+
√
1− a2
∑
k
hω (k)
∑
k′
(∫
dx · e−i hc (k−k′)x
)
·
·
4∑
r′=1
b
†
∗r′,k′
 ∑2r=1 (e′†◦r′ (k′) e′◦r (k) b◦r,k + e′†◦r′ (k′) e′∗r (k) b∗r,k)−
−∑4r=3 (e′†◦r′ (k′) e′◦r (k) b◦r,k + e′†◦r′ (k′) e′∗r (k) b∗r,k)
 .
Since ∫
(Ω)
dx · e−ihc (k−k′)x =
(
2πc
h
)3
δk,k′
then
∫
(Ω)
dx · χ†∗ (x) Ĥ ′0ψ′ (x)
=
√
b−√1− a2
b+
√
1− a2
∑
k
hω (k)
∑
k′
(
2πc
h
)3
δk,k′ ·
·
4∑
r′=1
b
†
∗r′,k′
 ∑2r=1 (e′†◦r′ (k′) e′◦r (k) b◦r,k + e′†◦r′ (k′) e′∗r (k) b∗r,k)−
−∑4r=3 (e′†◦r′ (k′) e′◦r (k) b◦r,k + e′†◦r′ (k′) e′∗r (k) b∗r,k)
 .
In accordance with properties of δ:
∫
(Ω)
dx · χ†∗ (x) Ĥ ′0ψ′ (x)
=
√
b−√1− a2
b+
√
1− a2
∑
k
hω (k)
(
2πc
h
)3
·
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·
4∑
r′=1
b
†
∗r′,k
 ∑2r=1 (e′†◦r′ (k) e′◦r (k) b◦r,k + e′†◦r′ (k) e′∗r (k) b∗r,k)−
−∑4r=3 (e′†◦r′ (k) e′◦r (k) b◦r,k + e′†◦r′ (k) e′∗r (k) b∗r,k)
 .
Since
e
′†
◦r′ (k
′) e′◦r (k) = δr,r′ ,
e
′†
◦r′ (k
′) e′∗r (k) = 0
then
∫
(Ω)
dx · χ†∗ (x) Ĥ ′0ψ′ (x)
=
√
b−√1− a2
b+
√
1− a2
∑
k
hω (k)
(
2πc
h
)3
·
·
4∑
r′=1
b
†
∗r′,k
(
2∑
r=1
(δr,r′b◦r,k + 0b∗r,k)−
4∑
r=3
(δr,r′b◦r,k + 0b∗r,k)
)
=
(
2πc
h
)3√
b−√1− a2
b+
√
1− a2
∑
k
hω (k) ·
·
4∑
r′=1
b
†
∗r′,k
(
2∑
r=1
δr,r′b◦r,k −
4∑
r=3
δr,r′b◦r,k
)
=
(
2πc
h
)3√
b−√1− a2
b+
√
1− a2 ·
·
∑
k
hω (k)
(
2∑
r=1
b
†
∗r,kb◦r,k −
4∑
r=3
b
†
∗r,kb◦r,k
)
.
Therefore
∫
(Ω)
dx · χ†∗ (x) Ĥ ′0ψ′ (x)
=
(
2πc
h
)3√
b−√1− a2
b+
√
1− a2
∑
k
hω (k)
(
2∑
r=1
b
†
∗r,kb◦r,k −
4∑
r=3
b
†
∗r,kb◦r,k
)
.
Similarly you can calculate that
∫
dx · χ†◦ (x) Ĥ ′0ψ′ (x)
=
(
2πc
h
)3√
b−√1− a2
b+
√
1− a2
∑
k
hω (k)
(
2∑
r=1
b
†
◦r,kb∗r,k −
4∑
r=3
b
†
◦r,kb∗r,k
)
.
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Since [5]
Ψ˜ (t,p) =
(
2πc
h
)3 4∑
r=1
cr (t,p) b
†
r,pF˜0
and (10){
b
†
∗r′,k′ , b◦r,k
}
= 0̂,
{
b
†
∗r′,k′ , b
†
∗r,k
}
= 0̂,
{
b
†
∗r′,k′ , b
†
◦r,k
}
= 0̂.
then
b
†
∗r,kb◦r,kΨ˜ = −b◦r,k
(
2πc
h
)3 4∑
r=1
cr (t,p) b
†
∗r,kb
†
r,pF˜0 = 0˜.
Similarly
b
†
◦r,kb∗r,kΨ˜ = 0˜.
Hence∫
(Ω) dx · ψ′† (x) Ĥ ′0ψ′ (x)Ψ (t,x0) =
∫
(Ω) dx·χ† (x) Ĥ ′0χ (x)Ψ (t,x0).
Thus, the function ψ′ (x) can be substituted for the function χ (x) in calcu-
lations of a probabilities evolution.
Let
νn0,(s) (k) :=
[
(c+ iq) esL (k)−→
0 2
]
, ln0,(s) (k) :=
[
(a− ib) esL (k)
esR (k)
]
.
Hence from (6):
e′s (k) =
h
2pic ·
·

√
2pin0
sinh(2n0pi)

(
cosh
(
h
cn0x4
)
+
+sinh
(
h
cn0x4
) ) (c+ iq) esL (k) +
+
(
cosh
(
h
cn0x4
)−
− sinh (hcn0x4)
)
−→
0 2
+
+exp
(−ihc (n0x4)) ln0,(s) (k)
 .
Therefore in the basis Jeν :
e′s (k) =
[
νn0,(s) (k)
ln0,(s) (k)
]
.
Therefore from (12):
χ (x) =
∑
k
e−i
h
c
kx
4∑
s=1
[
νn0,(s) (k)
ln0,(s) (k)
]
bs,k,
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Let
ν˜n0 (x) :=
∑
k
e−i
h
c
kx
2∑
s=1
νn0,(s) (k) bs (k) ,
l˜n0 (x) :=
∑
k
e−i
h
c
kx
4∑
s=1
ln0,(s) (k) bs (k) .
Hence in the basis Jeν :
χ (x) =
[
ν˜n0 (x)
l˜n0 (x)
]
. (13)
Let:
Ĥl,0 := c
3∑
r=1
β[r]i∂r + hn0
(
aγ[0] − bβ[4]
)
,
Ĥν,0 := c
3∑
r=1
β[r]i∂r + hn0
(
aγ[0] + bβ[4]
)
,
Ĥν,l := (c+ iq)

0 0 n0 0
0 0 0 n0
−n0 0 0 0
0 −n0 0 0
 ,
Ĥl,ν := (c− iq)

0 0 −n0 0
0 0 0 −n0
n0 0 0 0
0 n0 0 0
 .
In that case in the basis Jeν :
Ĥ ′0 =
[
Ĥν,0 Ĥν,l
Ĥl,ν Ĥl,0
]
.
Let
Ĥl,0 (k) :=
3∑
r=1
β[r]kr + n0
(
aγ[0] − bβ[4]
)
,
Ĥν,0 (k) :=
3∑
r=1
β[r]kr + n0
(
aγ[0] + bβ[4]
)
.
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In that case
Ĥ ′0 (k) =
[
Ĥν,0 (k) Ĥν,l
Ĥl,ν Ĥl,0 (k)
]
An neutrino and it’s lepton are tied by the follows equations:
Ĥν,0 (k) νn0,(s) (k) + Ĥν,lln0,(s) (k) = ω (k) νn0,(s) (k)
for s ∈ {1, 2} and
Ĥν,0 (k) νn0,(s) (k) + Ĥν,lln0,(s) (k) = −ω (k) νn0,(s) (k)
for s ∈ {3, 4}.
I suppose that such neutrino can fly 1.5 cm. [6] and give birth to it’s leptons.
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